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(54) INPUT/OUTPUT PROTECTIVE CIRCUIT FOR SEMICONDUCTOR DEVICE 

(57)Abstract: 

PURPOSE: To protect an inner circuit by deciding the 
number of diodes so that the bias voltage applied to 
individual diodes may be lower than that of a forward 
diode at normality. 

CONSTITUTION: A plurality of diodes are connected in • i 
forward bias between the i/o terminal 4 of an inner circuit : 
3 and a power source VDD. And, the number of diodes 
n1 is determined so that the bias voltage applied to 
individual diodes may be lower than the voltage of the 
forward diode at normality when surge is not applied to 
the I/O terminal 4. Accordingly, since enough forward 
bias is not applied at normality, all diodes get in 
substantially off condition, so an unnecessary current 
flowing to the diodes is sharply reduced. When surge is 

applied, the diode instantaneously gets in forward bias condition, and bypasses a surge 
current to the side of a power source VBB. Hereby, the inner circuit 3 can be protected 
effectively from surge. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not 
reflect the original precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the I/O protection network of 
semiconductor devices, such as an electronic circuitry and an integrated circuit 
device, where a semiconductor device is applied. 
[0002] 

[Description of the Prior Art] For example, in an integrated circuit device (IC), by 
detailed-ization of components, such as a transistor which is the component of an 
internal circuitry, having been attained, the integrated circuit device which 
demonstrates the extremely excellent function and the engine performance comes 
to be developed, and there is a remarkable thing in the advance. 
[0003] However, the surge from the outside resulting from static electricity etc. is 
easy to be destroyed, and the problem which invites the fall of the dependability of 
the integrated circuit device itself came to actualize the component of such the 
fine structure. 

[0004] Then, the I/O protection network which has a diode group as shown in 
drawing 4 or drawing 5 was conventionally established in the input contact and 
output contact of an internal circuitry. 

[0005] First, if the internal circuitry 1 of the arbitration which consists of the 
elements, such as a transistor, shall operate according to the high-voltage side 
power source VDD and the low-battery side power source VSS (VDD>VSS) in the 
case of drawing 4 An I/O protection network is the I/O lead terminal (if it says 
strictly) of the input contact of an internal circuitry 1 or an output contact (these 
are hereafter called an I/O contact collectively) P, and a semiconductor package. 
While series connection of the resistance Rl and R2 is carried out between the 
ponding pads 2 and diode Dl is further connected to a reverse bias between the 
common connection contact of resistance Rl and R2, and the high-voltage side 
power source VDD It is circuitry by which diode D2 was connected to the reverse 
bias between the common connection contact and the low-battery side power 
source VSS. And if the surge of the electrical potential difference (>VDD+Vfl) 
which exceeds forward voltage Vf 1 minute of diode Dl further rather than the 
high-voltage side power source VDD is impressed by the input/output terminal 2 
Diode Dl will be in the condition of forward bias, and surge current will be 
bypassed to the high-voltage side power source VDD. On the contrary, if the surge 



of the electrical potential difference (<VDD-Vfl) around which it turns the bottom 
impresses forward voltage Vf 2 minutes of diode D2 to an input/output terminal 2 
further rather than the low-battery side power source VSS By being in the 
condition of forward bias and bypassing surge current to the low-battery side 
power source VSS, diode D2 prevents and protects the inflow of the surge current 
to an internal circuitry 1. 

[0006] Although the I/O protection network of this drawing 4 is simple, it is 
necessary to use the big diodes Dl and D2 of reverse pressure-proofing. However, 
since the diodes Dl and D2 with which sufficient reverse proof-pressure property 
is acquired depending on a process like a GaAs semiconductor device were 
unrealizable, even if it was the all seems well in which a surge does not exist, the 
leakage current of diodes Dl and D2 flowed to the internal circuitry 1, and the 
problem of inviting abnormality actuation of an internal circuitry 1 was pointed 
out. 

[0007] The I/O protection network shown in drawing 5 is developed in order to 
reduce the effect of this leakage current, and it serves as circuitry which connects 
two or more diodes of n4 to a serial between that common connection contact and 
the low-battery side power source VSS while it connects two or more diodes of n3 
to a serial between the common connection contact of resistance Rl and R2, and 
the high-voltage side power source VDD so that it may illustrate. That is, by 
dividing the total reverse bias electrical potential difference (VDD-VSS) of the 
high-voltage side power source VDD and the low-battery side power source VSS 
by 3 and n4 several n connection of diode, the reverse bias electrical potential 
difference concerning each diode is reduced, and generating of leakage current is 
reduced. 
[0008] 

[Problem(s) to be Solved by the Invention] However, even if it is in the I/O 
protection network shown in drawing 5 , a problem exists. That is, although it was 
effective in lowering the reverse bias electrical potential difference concerning 
each diode at the time of a reverse bias, since the electrical potential difference 
which starts bypass actuation of surge current became high when a surge 
impressed so that the number of the diodes which carry out a series connection 
was made to increase, the surge of the high voltage started the I/O contact P of 
an internal circuitry 1, and there was a problem which cannot demonstrate 
sufficient protective effect. When putting in another way, there was a problem to 
which the response sensibility to a surge input falls. 

[0009] This invention is accomplished in view of the trouble of such a conventional 
I/O protection network, and it aims at offering the I/O protection network which 
can protect an internal circuitry more effectively. 
[0010] 

[Means for Solving the Problem] In order to attain such a purpose, it was made 
the configuration with which the number of such diodes was decided that the I/O 
protection network of this invention serves as an electrical potential difference with 
the vice-electrical potential difference lower than forward direction diode voltage 
built over each diode always [ forward ] a surge does not impress to an I/O 
contact while two or more diodes are connected to forward bias between the I/O 



contact of an internal circuitry, and a power source. 
[0011] 

[Function] According to this invention which has such a configuration, since two or 
more diodes are always connected to forward bias to the power source, there is no 
generating of the leakage current by reverse bias like before. Furthermore, since it 
will be in an OFF state substantially in order that forward bias with all sufficient 
diodes may not start always [ forward ] which a surge does not impress, the 
unnecessary current which flows to diode is reduced sharply. And if a surge is 
impressed, such diodes will be in an order vice condition in an instant, will bypass 
surge current to a power-source side, and will protect an internal circuitry from a 
surge. 
[0012] 

[Example] Hereafter, the example of this invention is explained with a drawing. 
First, the circuitry of the 1st example is explained based on drawing 1 . In 
addition, what is applied to semiconductor integrated circuit equipment (IC) is 
explained. The input contact or output contact Q (henceforth an I/O contact) of 
the internal circuitry 3 of arbitration which operates according to the high-voltage 
side power source VDD and the low-battery side power source VSS Between the 
input/output terminals 4 of a semiconductor package Resistance rl and r2 is 
connected to (the bonding pad more specifically formed in a semiconductor chip) 
at a serial, and further, between the common connection contact of these 
resistance rl and r2, and the high-voltage side power source VDD, as nl piece 
diode serves as an order vice, it is connected to the serial. 
[0013] the minimum potential of the signal which sets to normal operating state 
here, and is inputted or outputted to an input/output terminal 4 - VI and the 
forward direction diode voltage of each diode — Vf it is -- supposing -- diode — 1 
[ several n ] is determined based on the following relational expression (1). 
[0014] 
[Equation 1] 

n 1 • V f > Vdo - V 1 ) 

[0015] If the diode of the number nl by this relational expression (1) is 
connected, the forward voltage built over each diode always [ forward ] does not 
require a surge is the forward direction diode voltage Vf. Since it is small, the 
forward current Idd which flows to all diodes becomes sufficiently small, and the 
I/O protection network which consists of these diode group and resistance rl and 
r2 does not pass an unnecessary current to an internal circuitry 3. 
[0016] Since an nl piece diode group will be in an ON state quickly on the other 
hand when the surge of an electrical potential difference lower than the minimum 
electrical potential difference VI inputted or outputted is impressed by the 
input/output terminal 4, it prevents beforehand that surge current will be 
bypassed to the high-voltage side power source VDD, and flows into an internal 
circuitry 3. and - general ~ forward voltage Vf of each diode the effect of 
fluctuation by the manufacture process — winning popularity — hard — ** — since 
it becomes uniform, the detection level of surge voltage can be set as a precision, 
and the positive I/O protection network to the surge of an electrical potential 
difference lower than a predetermined electrical potential difference is realized. 



[0017] Next, the 2nd example is explained based on drawing 2 . In addition, what 
is applied to semiconductor integrated circuit equipment (IC) is explained. The I/O 
contact Q of the internal circuitry 3 of the arbitration which operates according to 
the high-voltage side power source VDD and the low-battery side power source 
VSS Between the input/output terminals 4 of a semiconductor package Resistance 
rl and r2 is connected to (the bonding pad more specifically formed in a 
semiconductor chip) at a serial, and further, between the common connection 
contact of these resistance rl and r2, and the low-battery side power source VSS, 
as n2 piece diode serves as an order vice, it is connected to the serial. 
[0018] the maximum electrical potential difference of the signal which sets to 
normal operating state here, and is inputted or outputted to an input/output 
terminal 4 — V2 and the forward direction diode voltage of each diode — Vf it is — 
supposing — diode - 2 [ several n ] is determined based on the following 
relational expression (2). 
[0019] 
[Equation 2] 

n 2 • V f > V2 - Vss — (2) 

[0020] If the diode of the number n2 by this relational expression (2) is 
connected, the forward voltage built over each diode always [ forward ] does not 
require a surge is the forward direction diode voltage Vf. Since it is small, the 
forward current Idd which flows to all diodes becomes sufficiently small, and the 
I/O protection network which consists of these diode group and resistance rl and 
r2 does not pass an unnecessary current to an internal circuitry 3. 
[0021] Since an n2 piece diode group will be in an ON state quickly on the other 
hand when the surge of an electrical potential difference higher than the maximum 
electrical potential difference V2 of the signal outputted and inputted is impressed 
by the input/output terminal 4, it prevents beforehand that surge current will be 
bypassed to the low-battery side power source VSS, and flows into an internal 
circuitry 3. and - general - forward voltage Vf of each diode the effect of 
fluctuation by the manufacture process — winning popularity — hard — ** — since 
it becomes uniform, the detection level of surge voltage can be set as a precision, 
and the positive I/O protection network to the surge of the high voltage is 
realized. 

[0022] Next, the 3rd example is explained based on drawing 3 . In addition, what 
is applied to semiconductor integrated circuit equipment (IC) is explained. The I/O 
contact Q of the internal circuitry 3 of the arbitration which operates according to 
the high-voltage side power source VDD and the low-battery side power source 
VSS Between the input/output terminals 4 of a semiconductor package To (the 
bonding pad more specifically formed in a semiconductor chip) As nl piece diode 
serves as an order vice, while resistance rl and r2 is connected to a serial, and it 
is further connected to a serial between the common connection contact of these 
resistance rl and r2, and the high-voltage side power source VDD Between the 
above-mentioned common connection contact and the low-battery side power 
source VSS, as n2 piece diode serves as an order vice, it is connected to the serial. 



[0023] the minimum potential of the signal which sets to normal operating state 
here, and is inputted or outputted to an input/output terminal 4 - VI and the 
maximum potential — V2 and the forward direction diode voltage of each diode — 
Vf it is - supposing - diode — 1 andn2 are determined by said formula (1) and 
(2). [ several n ] 

[0024] Therefore, the forward voltage built over each diode always [ forward ] 
does not require a surge is the forward direction diode voltage Vf. Since it is small, 
the forward current which flows to all diodes becomes sufficiently small, and the 
I/O protection network which consists of these diode group and resistance rl and 
r2 does not pass an unnecessary current to an internal circuitry 3. 
[0025] Since an nl piece upper diode group will be in an ON state quickly on the 
other hand when the surge of an electrical potential difference lower than the 
minimum electrical potential difference VI of the signal inputted or outputted is 
impressed by the input/output terminal 4, it prevents beforehand that surge 
current will be bypassed to the high-voltage side power source VDD, and flows 
into an internal circuitry 3. Furthermore, since an n2 piece lower diode group will 
be in an ON state quickly when the surge of an electrical potential difference 
higher than the maximum electrical potential difference V2 of the signal outputted 
and inputted is impressed by the input/output terminal 4, it prevents beforehand 
that surge current will be bypassed to the low-battery side power source VSS, and 
flows into an internal circuitry 3. 

[0026] Thus, the I/O protection network shown in drawing 3 can prevent both a 
surge with a high electrical potential difference, and a surge with a low electrical 
potential difference. 

[0027] in addition, although resistance rl and r2 is formed in the 1st - the 3rd 
example as a ** style component for preventing the inflow of surge current still 
more effectively, these resistance rl and r2 is altogether omissible alternatively 
with a specification etc. 

[0028] moreover -- although said formula (1) and (2) show the case of diode 
where 1 and n2 are determined, based on the maximum amplitude electrical 
potential differences VI and V2 of the signal inputted or outputted - a degree 
type (3) and (4) - being based - these - you may make it determine 1 and n2 
[ several n ] [ several n ] 
[0029] 
[Equation 3] 

n 1 • Vf > Voo - Vss —(3) 

[0030] 
[Equation 4] 

n 2 ■ V f > Vdo - Vss —(4) 

[0031] And if based on these formulas (3) and (4), even if it is a case as the 
input/output terminal 4 connected with a power source VDD or VSS too hastily by 
a certain mistake, the function in which the diode in an I/O protection network can 
prevent beforehand the accident which carries out burning etc. according to an 
overcurrent will also be demonstrated. 

[0032] Furthermore, if it applies to the semiconductor integrated circuit equipment 



I 
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which applied the GaAs semi-conductor process, for example from an I/O 
protection network being realizable even if it applies the low diode of reverse 
pressure-proofing, the extremely excellent effectiveness will be demonstrated. 
[0033] 

[Effect of the Invention] As explained above, since the I/O protection network of 
this invention always [ forward ] which a surge does not impress to an I/O contact 
possesses the configuration with which the number of such diodes was decided 
that the vice-electrical potential difference concerning each diode turns into an 
electrical potential difference lower than forward direction diode voltage while two 
or more diodes are connected to forward bias between the I/O contact of an 
internal circuitry, and a power source, it does not have generating of the leakage 
current by reverse bias like before. Furthermore, since it will be in an OFF state 
substantially in order that forward bias with all sufficient diodes may not start 
always [ forward ] which a surge does not impress, the unnecessary current which 
flows to diode is reduced sharply. And if a surge is impressed, such diodes will be 
in an order vice condition in an instant, will bypass surge current to a power- 
source side, and will protect an internal circuitry from a surge. 
[0034] Consequently, since an I/O protection network is realizable even if it 
applies the low diode of reverse pressure-proofing, the effectiveness which was 
extremely excellent as an I/O protection network of the low semiconductor device 
of pressure-proofing, such as a GaAs semi-conductor process, is demonstrated. 



[Translation done.] 



